In 1961 studies were conducted to determine levels of total nitrogen, potassium and sodium in the petioles as compared with levels of those chemicals in the thin juice of sugar beets (Beta vulgaris L.). The petioles are a structure of the tops of the sugar beet and the thin juice is prepared from the roots of the same plant. The primary purpose of the study was to 'determine whether genotypes differ as to levels of these chemical constituents in the petioles and in the thin juice and, if so, 'whether some genotypes tend to have higher levels in the petioles and lower levels in the thin juice, whereas for other genotypes the reverse is true. In other words is there an interaction of genotypes and material analysed (petioles or thin juice) as regards levels of total nitrogen, potassium and sodium? Such information is of great fundamental and practical importance to the beet sugar industry as these chemicals have been found to be associated with yield and quality.
Literature Review Emmert (3, 4, 5,)5 working with tomatoes, lettuce and cu cum bers developed rapid methods for estimating nitrate nitrogen, phosphate, and potassium in plants. He believed that inasmuch as the nutrients derived by a growing-plant from the soil must enter in solution through the stem that the concentration of a given nutrient in this mature conductive tissue should be directly proportional to the available supply of the nutrient in the soil. Hence, a measure of the concentration of nutrients in this con ductive tissue may be a better measure of the ability of the soil to supply nutrients to growing plants than chemical-tests of the soil itself. Also, he felt that an optimum content of nutrients 4 The writers are indebted to R. Ralph Wood of the Great Weste rn Sugar Company for obatining thin juice samples by an oxalate method standard with his company and to the Western Data Processing Center at the Un iversity of California at Los Angel es for use of the computing facilities for analysing data, Job No. 398.
5 Numbers in parentheses refer to literature ci ted.
in this kind of tissue exists for the various stages of growth of each kind of crop, regardless of the kind of soil in which the crop is gTowing. His researches supported these deductions and hence seemed to justify the practice of analysing the mature con ducting tissues of the plant to determine the ability of the soil to provide the nutrient requirements. Gardner and Robertson (6) anaylsed petioles of sugar beets and found it useful in deter mining fertilizer needs as regards nitrate, phosphate and po tassium.
Ulrich (16, 17, 18) and Tolman and Johnson (15) conducted extensive experiments with sugar beets, studying yield and quality as regards fertilizer practices. He found a neg'ative relation be tween levels of nitrate nitrogen in the petioles and percentage sucrose of the roots . . He also established the optimum level of nitrate nitrogen in the petioles as regards percentage sucrose to be approximately 1000 ppm. He found that once the critical nutrient level for an element has been established for a crop through many field experiments, plant analysis has the following applications: (A) determination of the kind of nutrient that might be deficient in the field: (B) estimation of the time of application and the amount of fertilizer to apply; (C) aid in selecting the location of fertilizer experiments; and (D) aid in maintenance of the proper level of soil fertility. Also, some beet su\Sar companies have used the techniques he developed to deter mine fertilizer practices and established dates of harvest. Prob ably one of the more important contributions of the researches by Ulrich is the stimulation of rather extensive researches on the effects of fertilizer practices on the yield, qual ity and processing of sugar beets.
Rorabaugh and Norman (12) found the order in which some of the common beet-sirup impurities adversely affect c"rystal lization of sugar, during factory processing, to be as follows: (A) carbonate and chloride salts, (B) amino acids, (C) betaine and non-nitrogenous organic acids, and (D) sulfate salts. T hey found the carbonates and chlorides to be strongly melassigenic and to be present in relatively large concentrations in the beet syrups. Hence, the carbonates and chlorides accounted for a large frac tion of the total sugar lost in molasses. They conclude th ,l!' the most fertile ground for improvement of the crystallization char" acteristic lies in the elimination of carbona te a nd chloride sal ts with lowering of pyrolidonecarboxylic acid and that glutamic acid is the second most likely point of attack. They further point out that the case against pyrolidonecarboxylic acid and glutamic acid is a two-edged one, since not only are they major contribu· tors to sugar loss in molasses, but also decomposition of glutamine, the amide from which they originate, causes processing diHiculties through lowering of buffering capacity of juice and lowering alkalinity. The rather extensive studies of Carruthers and Old field (2) in general agree with those of Rorabaugh and Norman (12) . In addition Carruthers and Oldfield present methods of assessing quality that appear to have considerable merit and hence extensive application.
H addock, Linton and Hurst (7) found that nitrogen fertili zation and nitrogen plant composition are. closely associated with sucrose storage in beet roots and sugar recoveries from ex tract juice. Also, they found that the soluble nitrogen constituents of the sugar beet roots are highly associated with, if not responsi ble for, variations in purity and sucrose percentage as well as in dry matter percentage. From their studies the particular com ponents which appear to be most highly associated with changes in quality are the glutamine and ammonia fractions. They believe the g'lutamine nitrogen to be of greatest significance in quality variation, because of its high association with quality factors, and because the concentration of this form of nitrogen is ten times that of amomnia nitogen.
Rounds et al. (13) found that the nitrogen levels caused greater variations in the amounts of nonsugars present in the beet roots than did the varieties tested. Significant interactions of varieties X nitrogen fertility levels were found for sodium con tent. T he data presented indicate that both varieties and nitrogen fertility levels can appreciably influence the amount of non sugars in beets. T he association of total nitrogen and nitrogen compounds with reduced purity and extraction in the roots vvas pronounced. Ryser et al. (14) in a comparison of harvest dates found that the sugars from the late harvest were liigher than from the early harvest while the purities were lower. The un expected decrease in purity 'was not accounted for by an increase in the level of amino nitrogen. Levels of nitrate nitrogen in the petioles, amino N in the roots, and Na content in the roots were greatly influenced by high nitrogen fertilization, but varietal dif ferences. were just as striking. In Na content, a four or fivefold difference between low Na types and high Na types was not uncommon. Owen et al. (8) found that highest purity was not always associated with highest percentage sucrose. They attributed their results to be due to an interaction between genotypes (as repre sented by hybrids) and locations. Power et al. (9) found that some genotypes might have a high nitrate nitrogen content in the petioles and low total nitrogen in the thin juice as compared with other genotypes. The same was found to hold true for po tassium. Some populations were found to be high in level of potassium in the petioles and low in levels of potassium in the thin juice as compared with other populations.
Materials and Design of the Experiment
The materials used in the study are as follows. There is a total of 20 populations in the experiment. One is a commercial variety, 4 are three-way hybrids, each composed <:>f 3 inbreds, and 15 are Fl hybrids each composed of 2 inbreds. The dates of harvest are September 14, October 3, and October 16. The ex periment was conducted in 1961. The characters studied are levels of total nitrogen, potassium and sodium in the petioles and in the thin juice. In the petioles the characters are expressed as milligrams per 100 grams and in the thin juice as milligrams per 100 milliliters of thin juice equated to a refractive dry sub stance of 10. The thin juice was prepared by The Great ' Western Sugar Company by an oxalate method standard with them [see (I) ]. In the process the nitrate nitrogens are removed. Hence the total nitrogen for the thin juice d oes not include all the ni trogenous compounds found in the total nitrogen analysis of the petioles.
The design of the experiment is a split plot with populations randomized within replications a nd dates of harvest randomized within blocks. Each block is composed of 3 dates of harvest and each date of harvest has 2 replications with 20 populations ran domized within each replication. There are 5 such blocks. H ence the design of the experiment is a modified randomized complete block.
Results
The F values calculated from an analysis of variance are listed in Table 1 . A study of this table reveals that there are significant differences between populations as regards all chemical characters for both the levels in the petioles and in the thin juice. This is 
'"-' <.0 Ol >l'> c.;o not true for dates of harvest (with the possible exception of so dium in the thin juice) as the differences noted between dates of harvest can readily be explained by chance. This is also true of the first order interaction of populations X dates of harvest.
It may be concluded that the changes in levels of total nitrogen, potassium a nd sodium when harvested September 14, October 3, and October 16 have little if any practical significance. Further re search is necessary to determine whether the change in levels of sodium for the different dates of harvest are other than chance deviations, as for the thin juice they ' were significant at the 5% level, but just barel y so. For that reason the different dates of harvest will not be considered individually in this article. The means and least significant differences for levels of total nitrogen, potassium, and sodium in the petioles and in the thin juice are listed in Table 2 . As has been shown by Powers et al.
(11) very little environmental variability is included in the differences between means of pop ulations, the differences noted are predominantly genetic. In this article the data in Table 2 have their greatest interest in the degrees of association between levels of a chemical in the petioles and the level of the same chem ical in the thin juice; and the interactions involving levels of the chemicals in the petioles as compared with levels of the chem icals in the thin juice. The correlation coefficients "viII be con sidered first.
Associations
From Table 3 it can be seen that the genetic correlation be tween total nitrogen in the petioles and in the thin juice is 0.29, between potassium in the petioles and in the thin juice is 0.06, and finally between sodium in the petioles and in the thin juice is 0.60. Hence the greatest percent of the variability accounted 
5.1
The co mparisons for the F, hybrids 52-430 X 54-346 and 52-305 eMS X 54-458 are not significant for total nitrogen in the petioles but are significant for total nitrogen in the thin juice. The comparisons for the F, hybrids 5~-4 3 0 X 54-346 and 52-430 X 52-307 are statistically significant for the petioles but not for the thin juice. The comparisons for the F, hybrids 52 305 eMS X 54-458 and 52-430 X 52-307 are significant for both the petioles and the thin juice. The same is true for the com parison involving 52-305 eMS X 54-458 and A56-3. The com parison between the F, hybrid 52-430 X 52-307 and A56-3 are not significant for the petioles but are statistically significant for the thin juice.
.
These results definitely show that some populations at time of harvest have higher levels of total nitrogen in the petioles as compared to other varieties and lower levels of total nitrogen in the thin juice. The reverse is also true some populations have high levels of total nitrogen in the thin juice and low levels of total nitrogen in the petioles as compared with other populations. These results definitely show that for total nitrogen there is an interaction between genotypes and material analysed (petioles and thin juice). Hence by proper breeding procedures different combinations of levels of total nitroge n in the petioles and in the thin juice are attainable.
Means for levels of potassium showi ng interactions of popula tions X material analysed are listed in Table 5 . The F, hybrid 52-430 X 54-346 has low potassium in both the petioles and in the thin juice, whereas 52-305 eMS X 54-458 is low in potassium in the petioles and high in the thin juice. The Fl hybrid 52-305 eMS X 54-565 is high in potassium in the petioles and low in the thin juice. The variety A56-3 is low in potassium m the petioles and moderately high in the thin juice. Again there is an interaction between genotypes and levels of potassium in the petioles as compared with levels of potassium in the thin juice. It is apparent that genotypes can be obtained having different levels of potassium in the petioles and in the thin juice. That is, populations can be bred that have desirable levels of potassium in the petioles and desirable levels of potas sium in the thin juice.
Means for levels of sodium showing interactions of popula tions X material analysed are listed in Table 6 . The Fl hybrid 52-305 CMS X 54-565 is low in levels of sodium in both the peti oles and thin juice. The Fl hybrid 52-305 CMS X 52-307 possess es a low level of sodium in the petioles and a high level in the thin juice. The Fl hybrid 52-430 X 52-408 has the highest level of sodium in the petioles and a moderately low level in the thin juice. A56-3 has a high level of sodium in both the petioles and in the thin juice. In fact it is significantly higher in level of so dium in the thin juice than any other population listed in Table  6 . Also for soclum, as was the case for total nitrogen and potas sium, there is an interaction between genotypes and levels of sodium in the petioles as compared with levels of sodium in the thin juice. It follows that different combinations of levels of so dium in the petioles and in the thin juice can be obtained by proper breeding procedures. Discussion The interactions involving genotypes X material analysed (petioles and thin juice) have shown that at time of harvest levels of the three chemicals vary in the petioles and thin juice according to populations. "When imerpreting these findings it is well to have in mind that the petioles are a part of the tops of the sugar beet and the thin juice is prepared from the roots. Hence, it appears that at time of harvest some genotypes have the higher levels of these chemicals in the tops of the plant, whereas [oots as are of can be chemical characters the roots. These three adverse efteet on purity Powers and lIenee it is of to know ,\'hether levels oE the ill the thin these three chemical cha racters and Sllcrose and article and sodium in the petioles same chemH:als in the thin Juice. dlat lhe arc pall of the tops ',Ihereas the thin jnlct' is prepared from genotypes X materials analysed have shown that, at time of harvest, three chemicals OCCllr 111 either the petioles or in both. Conversely, at time of harvest, some levels o[ these three chemical characters witb lower levels in the thin juice. is of extreme importance to the beet sugar industry, because It shO\\s that populations can be bred that will have the levels of these chemicals in the tops of the beet rather than in the roots (thin juice). levels these three chemicals in the thin juice have ("fIect with sucrose and on 
